OBJECTIVE: To investigate the degree of bias in under-reporting of food intake in obese and non-obese subjects, hypothesising that under-reporting may be selective for either macronutrient content (carbohydrate (CHO), fat, protein, alcohol), speci®c food types or eating occasions (meals, snacks). DESIGN: Thirty-three women (18 obese, 15 non-obese) were recruited to a long-stay metabolic facility for 24 h. Ad libitum food intake was covertly measured throughout the study and a reported food intake completed at the end of 24 h. RESULTS: Reported total daily energy intake was signi®cantly lower than measured intake. Whilst meals were accurately reported, energy from snack foods eaten between meals was signi®cantly under-reported. (P`0.001) Reported total carbohydrate and added sugar intakes were signi®cantly lower than measured, whilst reported protein and fat intakes were not signi®cantly different from measured. Reported alcohol intake was also considerably lower than measured, but high variability prevented signi®cance. CONCLUSIONS: In both obese and non-obese women the major cause of under-reporting, as assessed by covert study design in subjects restricted within a metabolic facility, is the failure to report between-meal snack foods. There is some evidence for increased under-reporting in high CHO, but no evidence of a bias in under-reporting towards high fat or high protein foods.
Introduction
Many nutritional studies are dependent on reliable estimates of food consumption, however in the majority of studies average self-reported dietary intake is biased towards under-estimation of habitual energy intake across much of the population. 1±4 Assessment of the validity of reported food intake using the doubly-labelled water method (where a low energy intake relative to energy expenditure is indicative of under-reporting in weight stable individuals) has shown that under-reporting is more prevalent in the obese and post-obese. Up to 40% of energy intake may not be reported.
3,5±10 Several large dietary surveys have also found that a high body mass index (BMI) is associated with a greater probability of low reported energy intake. 2, 5, 11, 12 This ®nding has been of critical importance in understanding the etiology of weight gain. For many years the inability of the obese to lose body weight despite consistently self-reporting a habitually low energy intake lead to the belief that obesity was caused by a defect in energy expenditure, either metabolic or behavioural. 13, 14 Careful measurement of expenditure in numerous metabolic studies, however, has demonstrated that this is almost certainly incorrect and that energy imbalance and consequent obesity is probably due to a disregulation of appetite control, leading to hyperphagia. 5, 15 The source of bias in the reporting of food intake in the obese individual remains very poorly understood. Under-reporting may be a consequence of one or several of the following: a conscious failure to record food eaten in order to misrepresent a lower energy intake or a`healthy' diet; a conscious failure to record because it is time consuming and inconvenient 16 ; a subconscious failure to record due to memory lapse across all or selective food items; accurate recording but an alteration in habitual intake due to conscious dieting; and an alteration in habitual intake, such as avoidance of snacks, in order to simplify recording. Conscious and subconscious inhibitions may be particularly strong in the obese due to negative social attitudes towards overweight and consequent guilt about either the quantities or types of food that they are consuming.
The question of whether under-reporting is selective for either foods or nutrients may be important in the interpretation of epidemiological data. It is of particular signi®cance in the ®eld of obesity where a wide body of work suggests that diet composition may play a vital role in the control of energy balance. individuals with a higher fat intake yet a lower extrinsic sugar intake 26 may require reinterpretation if the under-reporting of the obese individuals is biased towards under-reporting of foods containing sugar.
Despite its importance, few studies in the literature have addressed the question of selective under-reporting of macronutrients, and in those studies which have attempted to, 11,12,27±30 none have compared reported with observed energy and macronutrient intake. Using a range of reported intake methods, these studies showed that individuals speci®cally identi®ed as under-reporters of energy intake, tended to report a diet with a higher proportion of energy from protein, lower proportion from CHO and variable proportion from fat, relative to their accurately reporting counterparts.
This study aimed to test whether under-reporting in both the obese and non-obese is selective for speci®c food types, using intake observed within a metabolic facility as the comparator. We hypothesise that underreporting may be manifest, ®rstly, as a failure to record foods recognised as`unhealthy', speci®cally due to their macronutrient content, particularly those foods with a high content of either fat or added sugars, or secondly, it may be manifest as a failure to record those foods which are less central to the main meals, that is, foods eaten as snack items throughout the day, irrespective of macronutrient composition.
Methods

Subjects
Under-reporting of food intake was assessed in 33 healthy, non-smoking women. Of the women 18 were classi®ed as obese and 15 as non-obese, using the clinical cut-off point of BMI b 30 kg/m 2 de®ning obesity (see Table 1 ). Subjects were recruited by advertising in the local media for women interested in participating in short-term nutritional studies and thus were self-selected individuals. A three-factor eating questionnaire was completed by the women to assess their attitudes to food. 31 All subjects were aged between 20±65 y and habitually consuming a typical Western home diet. Written consent was obtained prior to commencing the study and subjects were informed that the entire nature of the study may not be revealed. The study was approved by the Dunn Nutrition Ethical Committee.
Study protocol
Subjects spent a period of 24 h (11:00 h day 1±11:00 h day 2) in the metabolic facility, during which time all foods eaten were covertly weighed. They were recruited in groups of between 2±4, meals were taken communally and subjects were allowed to mingle freely throughout their stay. At the end of the measurement period, subjects were asked to recall all items eaten or drunk throughout the previous 24 h. To ensure covert assessment of food intake and subsequent recall, subjects were informed that they would be taking part in a wider study of diet, exercise and body composition. Although they were previously informed, both verbally and in writing 2±3 weeks before the study began, that it would include a report of 24 h food intake, the inclusion of numerous other measurements and questionnaires in the protocol ensured that they were unaware of our interest in the food that they were consuming. Emphasis was placed on serial measurements of body composition, which the subjects believed to be the primary purpose of the study. It is, of course, still possible that a proportion of subjects remain highly sensitised to the environment of a nutrition facility, which may affect both the quantity and quality of foods both consumed and reported.
Body composition was assessed using a small bedside dual-frequency bio-electrical impedance meter at 11:00 h, 13:30 h, 17:30 h on day 1, and 09:30 h, 11:00 h on day 2. Ad lib meals chosen from a study menu were served at 12:30 h and 18:00 h on day 1 and at 09:30 h on day 2. Snacks were freely available throughout the 24 h. Subjects spent the entire period within the metabolic facility watching TV or reading. Following breakfast on day 2, the women were interviewed by a previously unseen member of the investigating group, who carried out the interview ostensibly as part of a separate study. During the interview, subjects completed a 24 h reported food intake assessment, plus a number of other questionnaires including restraint, disinhibition, hunger and exercise levels. After the ®nal impedance measurements subjects were free to leave the facility.
Food consumption: meals and snacks
All main meal foods were selected by the subjects from a menu which included a range of foods intentionally provided as those which could be recognised as high-or low-fat and high-or low-sugar. This design allowed both an analysis of nutrient selection and the identi®cation of speci®c under-reporting of fat or added sugar. On arrival at the metabolic unit, each BMI body mass index.
Under-reporting of food intake SD Poppitt et al subject was allocated a refrigerator containing a range of basic food items such as bread, butter, low fat spreads, full fat and semi-skimmed milk, sugar and sweeteners plus a number of drinks and snacks (see Appendix 1) Snacks comprised a number of subjectively`unhealthy' (cakes, biscuits, chocolates, alcohol etc) and`healthy' (fruit, yoghurts etc) options. These items were freely available throughout the day. All main meal choices were presented in ad lib quantities and were covertly weighed before and after consumption. Items within the refrigerators were also weighed at the beginning and end of the study. No access was provided to foods other than those available in the study.
Restraint questionnaires
The restraint factor of the three-factor eating questionnaire was evaluated by each subject scoring 1 point for every positive response to the questions corresponding to restraint. 31 The factor scores range from 0 to a maximum score of 18. In this study, subjects were categorised as either non-restrained (score 0±8) or restrained (score 9±18) on the basis of a mid-point cut off.
h reported intake
Subjects were asked to write down all food and drink consumed in the previous 24 h, noting time, food and quantity in household measures on a questionnaire designed for postal use and which included instructions for completion. After completion of the questionnaire a dietitian (identical on each occasion) clari®ed the entries, asking subjects whether everything eaten between meals had been included but avoiding prompting for speci®c food items. The dietitian was blind to the actual food intake of all subjects. Food portions were quanti®ed on the basis of the household measures described. 32±34 Energy and macronutrient content was calculated either directly from food packaging of speci®c items or from standardised food composition tables. 35 Added sugars were calculated from estimates of sucrose content based on published 36 and manufacturers' information.
Analysis
Results are presented as % intake reported, calculated as ((reported intakeaactual intake) 6 100). Data was analysed using analysis of variance and paired t tests on Data Desk version 4.0 (Odesta Corporation, Northbrook, IL, USA). Statistical signi®cance was at the 95% con®dence level (P`0.05).
Results
Energy intake, expenditure and balance
During the 24 h spent in the metabolic facility, the 33 women consumed an average of 15.4 (4.8, s.d.)
MJ (Table 2i ). This was considerably higher than their predicted daily maintenance requirement whilst within a metabolic facility, calculated as 1.4 6 basal metabolic rate (BMR) using predictive equations. 37 Only one woman appeared to diet, consuming 5.6 MJ relative to her predicted maintenance requirement of 9.8 MJad, but only three of the women were close to energy balance. Despite the overconsumption, the macronutrient pro®le of the diet was 40% fat, 43% CHO, 14% protein and 3% alcohol; that of a typical British diet.
Both the non-obese and the obese overate, consuming 15.2 (4.7 s.d.) MJ and 15.7 (8.4 s.d.) MJ, respectively (Table 2ii ). The non-obese were in a greater positive energy balance than the obese due to their lower requirements. The maintenance requirements of 1.4 6 BMR was 8.3 MJ for the non-obese and 9.9 MJ for the obese group. The macronutrient composition was very similar in both groups and there was no evidence of either a greater fat intake in the obese (40.3%, 4.9 s.d.) relative to the non-obese (38.5%, 7.0 s.d.; P b 0.05) nor a greater CHO intake (44.0%, 7.0 s.d. vs 43.6%, 7.3 s.d.; P b 0.05), despite the study design speci®cally presenting a selection of recognisably fatty and high CHO foods. There was a trend for the obese to select foods lower in added sugars, but this did not reach signi®cance (see Table 2ii ; P b 0.05). Neither group chose to drink much alcohol. Only 3.4% of energy came from alcohol intake in the non-obese and 1.9% in the obese.
Five of the 15 non-obese and nine of the 18 obese women were classi®ed as restrained eaters, scoring b 9 on the restraint questionnaire, suggesting that they were maintaining their current body weight by actively restricting factors such as choice of food type, quantity and eating occasions (Figure 1 ). There was no signi®cant relationship between fatness and degree of restraint (r 2 0.001, P b 0.05). Both the restrained and non-restrained groups overate, consuming 14.9 MJ (5.2 s.d.) and 15.8 MJ (4.5 s.d.), respectively (Table 2iii) . Although there was a tendency for the restrained to consume less energy, this was not signi®cant (P b 0.05). Diet composition was very similar in both restrained and non-restrained eaters. The non-restrained ate slightly more energy both in the meals and snacks, although neither difference was signi®cant (P b 0.05).
Under-reporting of energy and macronutrients; all foods All subjects. The reported energy intake was 87.5% (22.6 s.d.; t 2.86, P`0.01) of actual intake in all subjects. This was a consequence of 25 subjects failing to fully report their food intake and 8 subjects over-reporting. The reported CHO intake (80.1%, 21.1 s.d.; t 4.8, P`0.001) was also signi®cantly lower than observed (Figure 2 ). Reported fat intake was only slightly lower than observed (90.6%, 30.1 s.d.; t 1.6, P b 0.05) and the reported protein intake was on average very close to the observed intake (100.9%, 25.9 s.d.; t 0.14, P b 0.05). Reported alcohol intake was considerably lower than observed (73.3%, 52.9 s.d.), however the great between-subject variability prevented this reaching signi®cance (P b 0.05). Three women drank considerable quantities of alcohol (30± 100 g) yet reported no alcohol intake. If these data are removed from the set then reported alcohol intake increases to 102.5% (25.9 s.d.) of observed intake. There was signi®cantly more under-reporting of CHO than fat (t 2.72, P`0.02), much of which could be explained by under-reporting of added sugars (79.9%, 39.2 s.d., t 2.64, P`0.05).
Non-obese and obese. Reported energy intake was approximately 12% lower than observed in both nonobese and obese groups of subjects (Figure 3) . In this study, obese subjects were not signi®cantly worse reporters than non-obese subjects. Whilst reported protein intake was close to observed in both groups, reported intakes of fat, CHO and alcohol were all between 8±30% lower than observed intakes (see Table 2ii ). Under-reporting was also not signi®cantly greater in any of the macronutrients in the obese, relative to the non-obese (P b 0.05).
(ii) Non-obese (n 15) vs obese (n 18) women Under-reporting of food intake SD Poppitt et al
Restrained and non-restrained. Both restrained and non-restrained groups of women under-reported energy intake, although there was a non-signi®cant tendency for worse reporting of energy amongst the restrained women (See Table 2iii ). All macronutrients including added sugars were also reported more accurately by the non-restrained group, but again the wide variability prevented signi®cance.
Under-reporting of energy and macronutrients; meals vs snacks
Energy from meal foods was on average well reported (Table 2i ), and energy from snack foods was poorly reported (t 4.2, P`0.001). Under-reporting of snacks represented an omission of 1.7 MJ, about 10% of the total daily intake in this study (see Figure 2 ), and was highly correlated with underreporting of total energy intake (r 0.71, P`0.001).
The inaccuracy in reporting snack foods may in part explain the underestimation of total CHO, since snack (sf) foods had a greater CHO component than meal (mf) foods (sf consumed: 55% CHO, 26% fat, 5% protein, 13% alcohol energy; mf consumed: 40% CHO, 42% fat, 16% protein, 0% alcohol energy). Figure 4 shows the reported frequency of consumption of different foods plotted as a percentage of the observed frequency. With the exception of the sauces and table sugar, which are less central to the main meal, meal food groups were consistently better reported than snack foods.
The energy from meal foods was adequately reported in both the non-obese and obese, whilst energy from snack foods was consistently and signi®cantly under-estimated (see Table 2ii ). There were no differences in the level of reporting of meals or snacks between the two groups. Energy from meals was well reported by non-restrained women but signi®cantly less so by the restrained group (F 4.4, P`0.05). Snacks were very badly reported by both groups.
Discussion
The aim of this study was to assess ®rstly, the extent to which under-reporting occurs and secondly, in which speci®c food types it occurs, in a group of women living within a metabolic facility, unaware that food intake was being continuously monitored.
The most signi®cant ®nding of this study was the failure of the subjects to report numerous betweenmeal snacks. Whilst meal foods chosen from a menu and consumed at the de®ned meal times of breakfast, lunch and dinner were well reported, a large proportion of the snack foods consumed between these meals were omitted from the 24 h report. Only 64.2% of energy from snacks was reported, with more than one third of snack consumption remaining absent from the record. A recent study where restaurant cliente Ál were questioned, has also shown that food types less central to a meal, such as side dishes and condiments, tend to be badly reported when compared with entrees, main dishes and desserts. 38 Similar results were obtained in a study comparing sources of energy from meals vs snacks in a group of age classi®ed individuals. 39 In our present study, both obese and non-obese individuals under-reported total energy and snack intake. The poor reporting of snack foods may be in part a consequence of poor memory, irrespective of either Figure 2 The proportion of energy and macronutrients reported in all foods eaten, meal foods and snack foods in a group of 33 women. Error bars represent s.e.m. Figure 3 The discrepancy between actual and reported energy intake in individual non-obese (body mass index (BMI)`30) and obese (BMI b 30) women. 100% of observed intake reported represents complete recall of all food items eaten.
Under-reporting of food intake SD Poppitt et al their macronutrient content or the subjects' impression of these items as`healthy' or`unhealthy' foods. Certainly the`healthy' snacks, such as fresh fruit and low fat yoghurts, were as inaccurately reported as any of the chocolate bars or biscuits.
Previous studies have also assessed whether the macronutrient composition of the diet varies between accurate-and under-reporters, 11,12,28±30 using either energy intake (EI) : BMR ratio below a critical level (0.96, 1.1 or 1.2 6 BMR), the ratio of urinary nitrogen to reported nitrogen intake above 1.0, or BMI b30 kga m 2 to identify potential under-reporters. They showed consistently that under-reporters have a higher percentage of energy derived from protein, often a lower percentage derived from CHO and, where the intake of sugars has been separately identi®ed, a consistently lower percentage of energy derived from sugar. Our results are in accord with these. Two studies have looked at differences in the intake of speci®c foods. Bingham et al 29 found lower reported intakes of foods such as cakes, milk and confectionery in under-reporters, while meat, ®sh, vegetables and fruit intakes were not signi®cantly different from good reporters. Pryer et al 11 found the largest differences between reporters for foods such as confectionery, biscuits and cakes, and high-fat dairy products. These ®ndings appear consistent with the meals vs snacks dichotomy of our study, yet also suggest factors associated with associations of`goodabad' foods.
It should be noted, however, that the results obtained in our study were derived under a very speci®c protocol and that it would be premature to consider them to be valid across all experimental circumstances. Subjects asked suddenly to report the previous day's food intake may behave quite differently to subjects who, for example, are asked to complete a 24 h weighed record of food intake, under otherwise identical circumstances. It would certainly be of interest to compare the results from such protocols with our current results. Our protocol undoubtedly had an effect on eating behaviour in this study, since the majority of women overate by more than 1.5 times their daily requirement. Possible causes include ready access to a wide range of highly palatable foods, analogous to the cafeteria diet effect in animal studies, and boredom induced by the sedentary nature of the study. 40, 41 Despite this overconsumption the macronutrient composition of the diet was remarkably normal, only 40% of the total energy being consumed as fat even though many of the food items offered were speci®cally designed to be high in fat.
Both non-obese and obese women under-reported energy intake whilst in the metabolic facility. Whilst several previous studies have shown that normal weight as well as obese individuals, may under-report their food intake, 2, 4, 11, 42 it was perhaps surprising to ®nd that as many as two thirds of the non-obese subjects in our study under-reported their total intake. It is possible that the hyperphagia induced by the captive environment of the metabolic facility may be in part responsible. This may include a failure to remember the unusually large number of food items eaten, inadvertent reporting of smaller portion sizes or deliberate attempts to avoid admitting the excess quantities of food they had eaten. Alternatively, it is possible that the recruitment process attracted volunteers who were particularly weight or food conscious.
Using the 24 h recall methodology there was evidence of some macronutrient speci®c under-reporting in both groups of women. An average of 44% of the diet was consumed as CHO, of which a signi®cant 20% was not reported, in part a consequence of underreporting of CHO-rich snacks and foods high in added sugars. A previous study 39 has shown that in a wide range of snack foods commonly eaten in the community many are high in CHO rather than high in fat content, as may often be suggested anecdotally. Although fat intake was also under-preported, it was to a lesser degree than CHO and could not support the hypothesis that either group of women recognised the overtly fatty nature of the foods as`unheathy' and consequently either consciously or sub-consciously failed to report eating them. Neither was the adequate reporting of fat mainly a consequence of good reporting of high protein meat and dairy sources. Since many of the high protein items were speci®cally chosen to be moderate or low in fat, there was no association between the protein and fat content of these high protein foods (r 2 0.08, P b 0.05). The association between higher cognitive restraint and a reduced energy intake shown here has been demonstrated previously by de Castro 43 in a study of intake using the seven-day diary methodology characteristic of his studies, which showed that compar- Figure 4 The percentage frequency with which meal foods and snack foods were accurately-or under-reported in a group of 33 women. 100% of observed intake reported represents complete recall of all food items eaten.
Under-reporting of food intake SD Poppitt et al able levels of restraint had equivalent effects on intake. Our study has shown that higher cognitive restraint may also be predictive of a higher degree of under-reporting, although the results failed to reach statistical signi®cance in this small number of individuals. Some criticism of restraint scores has however been levelled at the use of such scales in the obese subject, 14, 44 and interestingly, our study failed to show a relationship between cognitive restraint and degree of body fatness as assessed by BMI.
We conclude from this study that the foods most frequently under-reported by non-obese, obese, restrained and non-restrained women, are those less central to the meal. Although there was a tendency towards under-reporting of CHO, this may in part have been a consequence of the high CHO content of many of the snack foods consumed. In addition, there were greater differences in the accuracy of the reporting between restrained and non-restrained subjects rather than non-obese and obese. Since we know that while a high BMI is certainly associated with a high risk of under-reporting, there are obese subjects who report adequately and non-obese subjects who report poorly, 12, 27 psychological pro®les and perceived qualities of foods may also be important factors in under-reporting.
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